Abstract. In this study a-C:H (hydrogenated amorphous carbon) thin films were deposited on the 7075 Al alloy without an interlayer using a DC CVD (direct current chemical vapor deposition) method with varied negative substrate bias in order to improve the hardness and Young´s modulus. The highest values of films hardness and Young´s modulus were 25.6±3.5 GPa and 140.3±4.6 GPa, respectively. The measured results show a promising potential of the a-C:H coated 7075 Al alloy for low load (up to 10 N) applications.
INTRODUCTION
Aluminum alloys are widely used in aircraft and automotive industry due to their high strength-to-weight ratio. However, low hardness and Young modulus limit their use in friction contact applications. This disadvantage can be improved by deposition of hard coatings onto the surface of Al alloys. Amorphous carbon (a-C) or hydrogenated amorphous carbon (a-C:H) coatings are excellent candidates for coating of standard Al alloys (2024, 6061, and 7075) due to their high hardness and other mechanical and tribological properties. Covering by deposition a-C thin film onto surface of Al alloy may lead to extension of lifetime and improvement in wear and corrosion resistance [1] [2] [3] [4] [5] [6] . Mechanical properties of thin a-C films are directly affected by sp 3 /sp 2 ratio and film composition [7] . The sp 3 /sp 2 ratio can be varied also with the used deposition method and by the deposition conditions [8] [9] [10] . It was reported by Robertson that, the incident ions energy is the key factor affecting the atoms hybridization. The application of substrate bias is frequently used to control the energy allowing the formation of the highest number of sp 3 bonds in the film [11] .
Several authors investigated mechanical and tribological properties of carbon based coatings deposited also using different precursors under constant substrate bias [1, 3] , also on Ti alloy and aluminum [1, 2, 5] substrates.
Evaluated DLC thin films were prepared by identical methods [12] [13] [14] as well as by different vacuum methods [15, 16] . The authors determined the adhesion [14, 15] , tribological [14] and structural [17, 18] properties of deposited thin films.
Takahiro Horiuchi et al. [20] evaluated the adhesion DLC of three thin films deposited by different methods. One of them is plasma chemical vapor deposition (P-CVD). Within the experiment, the bias was changed from -550 V to -1000 V. The hardness and theYoung´s modulus was determined.
The goal of this article is to analyse of the mechanical properties of a-C:H thin films deposited on 7075 Al alloys without an interlayer by DC glow discharge CVD method with varying substrate bias. After deposition with bias voltage range from -600 V to -2500V the hardness and Young´s modulus were evaluated.
EXPERIMENT
Cylindrical Al 7075 alloy with the roughness R a = 0.1 µm and mirror polished Si substrates were used for deposition of the coatings. Prior to deposition, substrates were cleaned for 20 min with Ar ions within one vacuum cycle. The background pressure was 110 -1 Pa and working pressure was from 5 to 40 Pa according to gas flow. Methane was used as precursor gas.
The growth rate was dependent on the deposition bias and the obtained films' thicknesses were from 4 to 28 µm ( Fig. 1) [6] . The negative deposition voltage was changed from -600 V to -2500 V. The deposition temperature was varied (was measured contactless, directly after film deposition) between 80 and 200ºC [6] . The measurements of mechanical properties -hardness and the Young´s modulus were carried out using nanoindentor (NHT CSM Instruments) with Berkovich tip in 20 Hz sinus mode by maximum force of 300 mN [6] . The lower H and E measured for -600 V layers, correspond to higher content of soft trans-(CH) x bonds showed by Raman spectroscopy [6] . The increased concentration of the softer C-H bonds, instead of sp 3 bonds, is due to the low ions energy and low plasma ionization in the case of -600 V bias deposition. This leads to increased ratio of neutral particles deposited and creation of lower energy C-H bonds instead of hard sp 3 bonds [11, 19] . According to Robertson and Ferrari, the sp 3 /sp 2 ratio has its maximum and after achieving the optimal ions energy for highest formation of sp 3 bonds, the further increase in ions energy will cause higher formation of graphitic bonds [11, 18] . Therefore, the layer deposited with -2500 V bias with increased sp 2 bonding indicated by Raman spectroscopy is softer. The other samples deposited within the bias between -800 V and -2000 V achieved the hardness from 19.2±1.6 GPa to 25.6±3.5 GPa and the Young´s modulus from 109±7.2 GPa to 140.3±4.6 GPa, which are higher in comparison with the highest values reported for this type of diamond-like carbon thin films [2, [12] [13] [14] [15] . Comparable maximum values of hardness [1] and the Young´s modulus were reported in [5, 12, 17] . Significantly higher values of hardness, were obtained by Horiuchi Takahiro at bias from -600V to -1000 V [20] and by Niakan et al. [17] at bias -600. On the other hand, Horiuchi Takahiro [20] (Fig.  3 ) measured the higher Young´s modulus at the bias from -600V to -1000 V. Zou Y.S. et al. [1] and Chen et al. [16] reported significantly higher values of the Young´s modulus, but deposition parameters are not mentioned. Overview of the selected published values of hardness and the Young´s modulus compared to our results are in Table 2 . 
The Influence of the Bias on Mechanical Properties of a-C:H CVD Thin Films 27

CONCLUSIONS
Homogenous a-C:H thin films were deposited on 7075 Al alloy using a simple DC glow discharge CVD method. Hardness increased with the bias increase from 17.4±2.1 GPa (bias -600 V) to 25.6±3.5 GPa (bias -2000V). Similar behaviour was observed for the Young´s modulus. The Young´s modulus increased with the bias increase from 88.9±3.5 GPa to 140.3±4.6 GPa. Increase in H and E was caused by sp 3 bonding growth in the film in dependence on bias increase up to -2000 V. Significant decrease in hardness and the Young´s modulus was observed at bias -2500 V, as a consequence of sp 2 bonding indicated by Raman spectroscopy. Upon the analysis, evaluation and comparison, it is obvious, that a-C:H thin films show satisfactory mechanical properties of deposited surface. Consequently, a-C:H thin films can be deposited on 7075 component surface without interlayer in order to ensure safety operation of components under the low surface load (up to 10 N).
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